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MEASUREMENTS IN FLIGHT OF THE LONGITUDINAL CHARACTERISTICS
OF TWO JET ATIRCRAFT, ONE WITH A DIVING TENDENCY AND THE
OTHER WITH A CLIMBING TENDENCY AT HIGH MACH NUMBERS

By Seth B. Anderson

SUMMARY

Flight tests were conducted on two straight—wing Jjet airplenes of
goenerally similar configuration, ome exhibiting a Aiving tendency end
the other a clinmbing tendency, in order to investigate the cause for
the particular type of behavior of each airplane at high Mach numbers,

The results showed that the diving tendency experienced by the one
alrplane was due to the predominant effect of an increased angle of
attack of the horizontal tail, This diving tendency persisted through—
out the test lift—coefficient range from O to 0.4, The climbing teni-—
ency exhibited by the other airplane, prominent only at the lower
values of 1ift coefficient, resulted from an overpowering increase in
wing pltching moment,

INTRODUCTION

In flight at supercritical speeds, a number of airplanes have
experienced severe changes in stability apd trim, As a result, diffi-
culty in control has occurred in s number of cases, due to the develop—
ment of either a strong diving tendency or climbing tendency. The fore—
goling trim changes become particularly significant when, in level
Plight, the pilot i1s umable to prevent a "tuck—under” or "tuck-up"
because of insufficient elevator angle for balance or because of large
control forces. Both the problem of the diving tendency and the climb—
ing tendency are of interest to the designer in that either tendency
can 1limit the tactical high speed and greatly detract from the maneu—
verability of an airplane.
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In reference 1, the diving tendency was shown to be primarily the
result of an Increased angle of attack of the horizontel tail surface
due to a reduction in lift—curve slope for the wing, a reduction in
downwash in the vicinity of the tail, and for cambered wings a positive
shift in the angle of attack for zero lift. The factors promoting =
climbing tendency have been pointed out 1un a number of reports. Refer—
ence 2 sttributed the climbing tendency encountered by a fighter—type
alrcraft at low valuss of 1lift coefficient and high Mach numbers prima—
rily to a negative shift in the airplane angle of attack for zero 1ift.
The results of reference 3 showed that the downwash end tail—off airplane
pitching moment, which were producing a climbing tendency, were influ—
enced by negative deflection of the wing flaps. Other factors, such as
a change in stabilizer setting (reference L) or a change in the vertical
location of the horizontal tail, have been shown to alter the direction
and magnitude of the longitudinal trim change at high Mach numbers.

Although the variocus factors affecting the longitudinal control at
high Mach numbers are recognized and qualitatively understood, there is
still considerable difficulty in predicting the longitudinal trim char—
acteristices of an airplane at high Mach numbers due to the fact that the
megnitude and direction of the trim change depends upon a relatively
small difference between several large quantities. These relatively
small, differences are reflected as large changes In control force at
high dynamic pressure end corresponding significsnt changes insofar as
the pilot 1s concerned in the variation of trim with Mach number. An
example of this ls presented by the two airplanes discussed in this
report. These ailrplanes were generally similar in regerd to wing and
tail configuration, but one exhibited a climbing tendency sufficiently
severe at low altitudes to limit its maximum operating speed, while the
other airplane exhibited a diving tendency. The fllight teste reported
herein were run for the purpose of identifying the serodynamic factors
which contribute to the difference in longltudinal control behavior.

SYMBOLS
Ay  ratio of net aserodynamic force along ailrplane Z sxis (positive when

directed upward) to weight of airplane (Ay = 1 corresponds to lg)

c local wing chord, feet

ol

wing mean aerodynemic chord, feet

WA,
C;, airplane 1ift coefficilent (—;%)
q

s
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C, Ppitching—moment coefficient about quarter M.A.C. point
(pitching moment )

05T
cmw wing section pitching—moment coefficient about quarter—hord point

Fo elevator control force, pounds
hy, average eltitude, feet

M Pree—streoam Mach nunber

P pressure coefficient [L.Egbl]

[e)

Py, pressure coefficisent on lower wing surface

Py pressure coefficient on upper wing surface

P static orifice pressure, pounds per square foot

Pg -free—stream static pressure, pounds per square foot

do free—stream dynamic pressure, pounds per square foot
total wing area, square feet

W airplanse weight, pounds

ayy wing (fuselage reference line) angle of attack, degrees

ot horizontal tail (chord line) angle of attack, degrees

8¢ elevator angle (stabilizer chord line), degrees
AIRFLANES

The airplane identified with a diving tendency is designated as
airplane 1 and the airplane with a climbing tendency as asirplane 2.

Three—view drawings of alrplanes 1 and 2 are shown in figure 1,
and three—quarter rear—view photographs of the alrplanes as instrumented
for flight tests are shown in figure 2. The geometric details of the
airplanes are given in table I. The ordinstes of the airfoils used on
airplanes 1 and 2 are given in table II.



4 B i NACA RM A5IE1L

INSTRUMENT INSTATIATION ' .

Standard NACA continuously recording instruments were used to -
record the various guantities measured.

Measurements of alrspeed were made by airspeed heads mounted on
booms two chord lengths aheed of the wing tip. Compressibility cor—
rectlons for the position error due to the presence of the wing and
for the head itself were applied to the airspeed readings.

Wing section pressure-distribution data were obtained from flush—
type orifices mounted on the upper and lower surfaces at the 65— and
Té-inch wing station for airplanes 1 and 2, respeactively,

Control position recorders were connected directly to the
elevator to record the deflections of the surface,

TESTS

Tosts on both alrplanes were conducted in the powsr—on clean
condition for airplane 1, at altitudes of approximately 7,000 feet
and. 37,000 feet in a Mach number range of 0.56 to 0.85; and for air—
plane 2 at altltudes of approximately 15,000 feet and 35,000 feet in
a Mach number venge of 0.5 to 0.87. The center—of-gravity location
was In the rearward positlon (approximatély 29-percent M.A.C.) during
the tests of both alrplanes. Z .

The maximum test Mach nuwber for alrplane 1 was limited by large
amplitude alleron flutter (compressibility buzz), and for airplane 2,
by a combilnation of large elevator control forces required for balance

and by a wing—dropping tendency.

RESULTS AND DISCUSSION

The difference in the longitudinal behavior of the two alrplanes
wag most noticeable to the pilot in steady lg fllight, The elevator
angle and stick force required in this regime at both high and low ’
altitudes are shown in figure 3. Alrplane 1l required an increasing
up—elevator deflection and increasing pull forces for balance with
increasing Mach number to counteract a dlving tendency at the higher .
Mach numbers. Ingofar as the pllot was concerned, this alrplane had a
mild, easily controllable dlving tendency over the Mach number range
investigated which d1d not extend to as hjgh Mach numbers aa that for -
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.airplane 2. In contrast, alrplane 2 exhibited a climbing tendency at
Mach mumbers asbove approximately 0.8l. This climbing tendency was suffi-
clently severe at low altitudes to 1imit the meximm operating speed of
the alrplane. In an effort to minimize the push force required for trim
at the higher Mach numbers of the tests reported berein, the pilot chose
to trim the alrplane upon entering the dive with full nose—down tab.

The change in longltudinal trim, indicated by the variatiom of
elevator angle and elevator control force in flgure 3 for both the high
and low altlitude tests, occurs at approximately the same Mach number for
each airplane regardless of the difference in dynamic pressure. This
indicates that the aerocelastic effects were not the primary cause of the
longitudinal trim changes although they had some modifying influence on
this change.®

As indicated in the Introduction, the serodynamic factors contri-—-
buting to ths trim changs with Mach number are anticipated to be a
change in wing angle of atback required to meintain a given 1ift coeffi-—
clent, with a correspondlng change in tail angle of atback, and & varia-—
tion of pitching moment of the wing. Figure UL presents the variation
of these parameters with Mach number For both airplares for constant
values of 1ift coefficient from O to 0.4, The section plitching—moment
values presented were derived from pressure—distribubtion measurements.
Also shown 18 the resultant elevator angle requlred to maintain constant
velues of Cp. The cross-plotted walue for steady flight at an Ay of
1.0 is the same as that shown on figure 3. An examination of figure k4
indicates that the dlfference between the two airplanes is comfined to
the range of 1ift coefficlents of 0.2 or less. At the higher 1ift
coefficients, both alrplanes exhibited & diving tendency which, on the
basis of elevator angle required for balance, is very similar. The
difference between the two airplanes In the lower lift-coefficient range
apparently lies in the relative magnitudes of the moment changes produced
by the wing and the tail. This point is demonstrated in figure 5 in

iSome indication of aerocelastic effects in the form of stebilizer twist
which would reduce the elevator effectiveness was noted for airplane 2.
By comparing the values of ot measured by a boom at the stabllizer
tip over similar C; and Mach number ranges but widely different
dynemic pressure ranges (tests at 15,000 and 35,000 feet), it was
Pound that an increase in dynemic pressure caused & decrease in
measured oy of approximately 1.3° et the highest Mach numBer of 0.83.
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which the computed increment in 8y (from the trim value at M=0.7)
required for balance in steady, stra.ight flight at Ay=1 1s shown. The
values of B&g were calculated using horizontel taill characteristics
obtained from wind—tunnel results and the measured variations of a4
end cp, values.

The initial trend for both alrplenes et Mach nunbers sbove the trim
value of 0.7 is a diving tendency produced by the predominance of the
diving—moment increment due to the wing over the climbing—moment incre—
ment produced by the change in tall angle of attack. The trend of each
of these factors reverses at a Mach number of ebout 0.75 on eirplane 1
and 0.8 on airplsne 2. It is at these Mach numbers that the presence of
an intense shock wave is first apparent from the wing pressure distribu—
tion of both airplanes. An increase in angle of attack to maintain a
glven 1ift coefficient becomes pecessary on both airplanes above this
Mach number, end the tail contribution thus is a progressively increas—
ing diving moment (as discussed in reference 2) which, for airplane 1,
more than counterbalances the opposite trend of the wing pitching moment,

On airplane 2, the pitching—moment contribution of the wing predom—
inates and, as the Mach number is increased beyond 0.8, the net result
is & reversal in the trend of elevator required for ba.lance at Mach pum—
bers up to approximately O 85. This nét difference, although relatively
gmall compared to the two factors involved, is the cause of the climbing
tendency on airplane 2, which is reflected insofar as the pllot 1s con—
cerned by a large change 1n force required to maintain 1lg <£light over
the Mach pumber rangs from 0.80 to 0.85.

Wing pressure distributions of both alrplanes were examined in an
attempt to isolate the reason for the more sbrupt and more sustained
change in the pitching moment of the wing on'airplans 2, to which the
climbing tendency is attributeble. The pressure distributions on the
wing of airplane 2 (fig. 6) indicate a relatively lerge rearward movement
of the lower surface wing shock wave combined with a small forwerd move—
ment of the upper surface shock wave with increasing Mach number. The
resultent redistribution of 1ift produces the more extreme climbing—
monment .

The relatively limited Mach number range to which the clinmbing
tendency of airplane 2 1s confined is evident from figure 5. At Mach
numbers apove 0.85, the trend of elevator angle required for balance
reverses abruptly so that a diving tendency cnce again is indicated.
This 1s due in part to an added incresse In angle of attack at the
tall and a reduction in the climbing moment trend produced by the wing.
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The lack of the clinbing tendency above 1ift coefficients of 0.2
is attributable to the magnitude of the change in angle of attack at
the tall which is such as 1o produce a diving moment which is larger ac
the higher values of Cy, while the change in pitching moment due to
the wing was approximately the sams for all wvalues of CiI.

CONCIUDING REMARKS

The results of flight tests on two Jet aircraft of generally
gimilar configuration, one exhibiting a diving tendency and the other
a clinbing tendency, showed the Following as the slgnificant factors
governing the longltudinal behavior at high Mach numbers.

The differences in longltudinal control of the two aircraft avpear
to be due to the balance between two opposing moments: (1) a diving
moment produced by an increased angle of attack at the teil, and (2) a
climbing moment due to the pltching—moment characteristics of the wing.

Thus, for airplane 1 it was found that the diving tendency due to
an increase in angle of attack at the tail predominated over the entire

CI. range.

The climbing tendency of airplane 2 existing only at the lower
values of C(f, (in the range of steady 1lg flight) was due to the
dominance of the pitching moment of the wing.

Ames Aeronautical Isboratory,
Netional Advisory Commlttee for Aeromautics,
Moffett Field, Calif.
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TABIE T.— DETATLS OF TEST ATRPIANES

Item Airplene 1. Alrplane 2
Gross weight, pounds (Av. in f1t.) ... 9900 10,900
Wing
Ares, square et .....eceeeen. e 237.0 260
Span, feet ...... e eseieanannn vee 38.90 36.k42
Aspect ratlo ....vieieennennn cieees 6.39 5.10
Airfoll section .
Root ....... cenessans csesesennes NACA 551—213 Republic
(a = 0.5) R4
_ 45.1512—, 9
TiP evvveecaoncnneancnn cesceses. | NACA 65¢-213 Republic
(a. = 0.5) R
k5 15109
MA.C., INCHES tivuucvennonancans . 80.6 88.
Incidence (root) .eeeceeeeene ceves 1.0° o°
TWIBE veevevnenoncnacocnncnnenans . -1.5° —2°
Horizontal tail
Area, square feet ......cce0.. cree 43.5 48.5
Span, feet ......... ceeeanaan ceene 15.6 14,95
ASPECE TATI0 veveererrenarnncannse 5.6 k.6
Airfoll section
ROOE tevenveass . ceetasenasas KACA 65-010 Republic .
R4
ko010
TiD veveevconnsoianne cectesnns NACA 65-010 Republic
R4
k0-010
Incidoence ® 8 8 8 v .l.l‘-l."l.l... 1.50 Oo
Elevator area, square feet ....... 8.5 13

‘E::Eg:?’
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Figure [,- Three - view drawings of airplanes 1 apd 2,
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(b) Airplane 2.

Figure 2.— Three-quarter rear vi?‘w of test airplanss,
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